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Kinetic and Photochemical Data for 
Atmospheric Chemistry Reactions of the Nitrogen Oxides 


R. F. Hampson 

This report contains 24 Individual data sheets for thermal and photochemical 
reactions of Importance In the atmospheric chemistry of the nitrogen oxides. 

For each reaction the available experimental data are summarized and critically 
evaluated, and a preferred value of the rate coefficient Is given. The selection 
of the preferred value Is discussed and an estimate of its accuracy 
Is given. For the photochemical process the data are summarized, and 
preferred values for the photoabsorption cross section and primary quantum 
yields are given. These data sheets were prepared by the author for the 
evaluation by the CODATA Task Group on Chemical Kinetics to be published 
in the Journal of Physical and Chemical Reference Data. 
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1 . Introduction 


This report contains Individual data sheets for 16 chemical reactions 
and 8 photochemical processes of Importance In the atmospheric chemistry 
of the nitrogen oxides. These data sheets Mere prepared by the author 
for the evaluation by the CODATA Task Group on Chemical Kinetics to be 
published In the Journal of Physical and Chemical Reference Data. The 
Task Group convened to prepare this evaluation In a series of working 
sessions, the last held In May 1979 to put the manuscript In final form 
prior to submission for publication. The last meeting at which new data 
was considered for evaluation was held in December 1978. At that time 
the Task Group restricted Its consideration to data published In the 
scientific literature, preprints of journal articles and significant new 
results presented at open scientific meetings. The evaluations contained 
In this report reflect the combined judgment of the entire Task Group 
whose membership consists of: J. A. Kerr (Chairman), D. L. Baulch, R. A. 

Cox, R. F. Hampson, J. Troe and R. T. Watson. 

2. Guide to the Data Sheets 

The data sheets are of two types, (1) those for the thermal reactions 
and (11) those for the photochemical reactions. 

2.1. Thermal Reactions 

The data sheets begin with a statement of the reactions Including all 
pathways which are considered feasible. This Is followed by the corresponding 
enthalpy changes at 298 K. 

The available kinetic data on the reactions are summarized under 
three headings, (1) Absolute Rate Coefficients, (11) Relative Rate Coefficients 
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and (111) Reviews and Evaluations. Some of the earlier data summarized In 
previous evaluations have been omitted, except where the data have a direct 
bearing on the preferred data selected here. Under all three of the headings 
above the data are presented as absolute rate coefficients. If the temperature 
coefficient has been measured the results are given In a temperature-dependent 
form over a stated range of temperatures. For blmolecular reactions the 
temperature dependence Is expressed In the normal Arrhenius form, k = A exp( -C/T) 
where C ■ E/R. 

Single temperature data are presented as such and wherever possible 
the rate coefficient at 298 K Is quoted directly as measured by the original 
authors. This means that the listed rate coefficient at 298 K may differ 
slightly from that calculated from the Arrhenius parameters determined by 
the same authors. Rate coefficients at 298 K marked with an asterisk Indicate 
that the value was calculated by extrapolation of a measured temperature 
range which did not Include 298 K. The data listed under Reviews and 
Evaluations are from the most recent source If that source contains the same 

t 

recommendations as earlier reviews. 

The tables of data are supplemented by a series of comments summarizing 
the experimental details. For measurements of relative rate coefficients 
the comments contain the actual measured ratio of rate coefficients together 
with the rate coefficient of the reference reaction used to calculate 
the absolute rate coefficient list’d In the data table. The absolute value 
of the rate coefficient given in the table may be different from that reported 
by the original author owing to a different choice of rate coefficient of the 
reference reaction. Whenever possible the reference rate data is that 
preferred In the present evaluation. 

The preferred rate coefficients are presented, (1) at a temperature 
of 298 K and (11) In temperature-dependent form over a stated range of 
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temperatures. This Is followed by a statement of the error limits In 
log k at 298 K and In (E/R) for the temperature range of the preferred rate 
coefficient. Some comments on the assignment of errors are given later 
In this Introduction. 

The " Comments" on the preferred values describe how the selection was 
made and give any other relevant Information. The extent of the comments 
depends upon the present state of our knowledge of the particular reaction 
In question. The data sheets are concluded with a list of the relevant 
references . 


2.2 Photochemical Reactions 

The data sheets begin with a list of feasible primary photochemical 
transitions for wavelengths usually down to 170 nm, along with the corresponding 
enthalpy changes at 0 K and calculated threshold wavelengths. This Is 
followed by tables summarizing the avllable experimental data on, (1) 
absorption cross sections and (11) quantum yields. These data are supplemented 
by a series of comments. 

The next table lists the preferred absorption cros* section data and 
the preferred quantum yields at wavelength Intervals of 5 nm where possible. 

The comments again describe how the preferred data were selected and Include 
any other relevant points. The photochemical data sheets are also concluded 
with a list of references. 


2.3 Aslqnment of Errors 

Under the heading "reliability", estimates have been made of the 
absolute accuracies of the preferred values of k at 298 K and of the preferred 
values of E/R over the quoted temperature range. The accuracy of the 
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preferred rate coefficient at 298 K Is quoted as the term A log k, where A log 
k » D and D Is defined by the equation, Icg^Q k = C + D. This Is equivalent 
to the statement that k Is uncertain to a factor of F where D » log^ F. The 
accuracy of the preferred value of E/R Is quoted as the term A(E/R), 
where A( E/R) * G and G Is defined by the equation E/R = H + G. 

The assignment of these absolute error limits In k and E/R Is a 
subjective assessment of the evaluators. Experience shows that for 
rate measurements of atomic and free radical reactions In the gas phase, the 
precision of the measurements, l.e. the reproducibility, Is usually good. 

Thus, for single studies of a particular reaction involving one technique, 
standard deviations, or even 90% confidence limits, of + 10% or less are 
frequently reported In the literature. Unfortunately, when evaluators 
come to compare data for the same reaction studied by more than one group 
of Investigators and Involving different techniques, the rate coefficients 
often differ by a factor of two or even more. This can only mean that 
one or more of the studies has Involved large systematic errors which are 
difficult to detect. This Is hardly rurprlslng since, unlike say molecular 
reactions, It Is not possible to study atomic and free radical reactions In 
Isolation and consequently mechanistic and other difficulties frequently 
arise. 

The arbitrary assignment of errors made here is based mainly on our 
state of knowledge of a particular reaction which Is dependent upon 
factors such as the number of Independent investigations made and the 
number of different techniques used. On the whole, our assessment of error 
limits errs towards the cautious side. Thus, in the case where a rate 
coefficient has been measured by a single Investigation using one particular 
technique and is unconfirmed by Independent work, we suggest that minimum 
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error limits of + 100* are appropriate. At the present time we do not feel 
justified In assigning error limits to the parameters reported for the 
photochemical reactions. 
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(a) Discharge flow, [N] monitored by titration with NO. 

(b) Discharge flow, [N] monitored by ESR. 

(c) Static system, [N] monitored by decay of N, first positive band intensity. 
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Rate coefficient data 




[4] NASA Reference Publication 1010, R. D. Hudson, Ed, Chapter 1 (1977). 

[5] Garvin, D. and Broida, H. P., Ninth Symposium on Combustion, Academic Press, NY p. 678 (1963). 


Rate coefficient data 





(c) Flash photolysis of NgO, [N] monitored by resonance fluorescence. 

(d) Reported value. Derived as mean value of results of two Independent methods. 

(e) Evaluation, based on all previously reported data. Recomnended In Hampson and Garvin* 1975 [ 5 ]. 

(f) Accepted results of Clyne and McDerald, 1975 [ 1 ]. 

(g) Recommended In Hampson and Garvin, 1978 [6]. 
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[5] Hampson, R. F. and Garvin, D. , Nat. Bur. Stand. (U.S.) Tech. Note 866 (1975). 

[6] Hampson, R. F. and Garvin, D. , Nat. Bur. Stand. (U.S.) Spec. Publ. 513 (1978). 


NO + NO 
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x io" 12 300 Hampson and Garvin, 1975 [4] (d) 

10* 11 exp(-800/T) 200-300 NASA, 1977 £5] (e,f) 
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Comments on Preferred Value 
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Rate coefficient data 
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Preferred Value 

k * 4.6 x 10 ^ cm^molecule’^s"^ at 298 K 
k = 3.7 x 10 ^ exp(67/T) cm^molecule^s” 


Reliability 
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other 0( D) rate coefficient values recommended In this evaluation. Inclusion of the recent data of Lee 
and SI anger , 1973 [4] with equal weighting would result In lowering the preferred value-of k at 298 K to 
4.4 x ICT 11 cnAiolecule’^s”^ . 
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[t>J NASA Reference Publication 1010, R. D. Hudson, editor. Chapter 1 (1977). 

[9] Hampson, R. F. and Garvin, D. , Nat. Bur. Stand. (U.S.), Spec. Publ. 513 (1973). 


Rate coefficient data 
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Comments on Preferred Value 
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Cvetanovic, 1974 [5]. 

(i) Recommended In Hampson and Garvin. 1978 [9]. 
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[8] Hampson, R. F. and Garvin, D., Nat. Bur. Stand. Spec. Publ. 513 (1978). 


Rate coefficient data: no data on this reaction exist 
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Rate coefficient data 
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(a) Measured at 294K with resolution of 1.3 nm. Values tabulated at 5 ran intervals; results of same 
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380 0.81 390 0.74 400 0.65 410 0.14 
382 0.65 392 0.73 402 0.57 415 0.067 
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Primary photochemical transitions 
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Absorption cross sections 
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spectral resolution are needed. Also pressure and temperature effects should be Investigated. 
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Comments 

(a) Measured at 298K. Results shown in two figures. Good agreement with previous results (Bates 
and Hayes, 1967 [5]) in the range 210 to 235 nm. However, no absorption detected for 

X > 260 nm (a < 2 x 10' 25 cm 2 ). In contrast with results In reference [5]. 

(b) Measured at five temperatures from 194 to 302K with resolution of 0.7 nm. Values tabulated at 
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Comments on preferred values 
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(a) Spectrograms taken at 298K. 
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Absorption cross sections 
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Quantum yields 
No recommendation 


Comments or. preferred values 
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Primary photochemical transitions 
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Quantum yield data 
No data 
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